24 Wildlife rehabilitation is a publicly popular though highly controversial practice. State wildlife 25 agencies frequently debate the ecological impact of rehabilitation. Analysis of case records could 26 inform that debate by clarifying and quantifying the causes for rehabilitation, species involved, 27 and treatment outcomes. This information could aid in the ability of regulatory agencies and 28 rehabilitators to make informed decisions and gain insight into causes of species decline. In New 29 York, rehabilitators are licensed by the Department of Environmental Conservation (NYSDEC) 30 and thus, are required to submit annual reports. Between 2012Between -2014 individual wildlife 31 cases were seen by licensed rehabilitators comprising 31,229 (52.6%) birds, 25,490 (42.9%) 32 mammals, 2,423 (4.1%) reptiles, and 73 (0.1%) amphibians. We identified patterns among 33 taxonomic representation, reasons for presentation, and disposition. Major causes of presentation 34 were trauma (n = 22,672, 38.2%) and orphaning (n = 21,876, 36.8%), with habitat loss (n 35 =3,746, 6.3%), infectious disease (n = 1,992, 3.4%), and poisoning or toxin exposure (n = 864, 36 1.5%) playing lesser roles. The overall release rate for animals receiving care was 50.2%; 45.4% 37 were either euthanized or died during the rehabilitation process. A relatively small number 38 (0.3%) were permanently non-releasable and placed in captivity, and 4.1% had unknown 39 outcomes. In comparison to data from 1989, wildlife submissions have increased (annual mean 40 12,583 vs 19,790), as has the release rate, from 44.4% to 50.2%. Utilizing a large data set 41 allowed us to fill knowledge gaps, which can help inform management by both the rehabilitators 42 and the state agencies that regulate them, deepening understanding of the scope and impacts of 43 wildlife rehabilitation. 44 45 HANSON ET AL. WILDLIFE REHABILITATION IN NEW YORK STATE 3 46 Introduction 47 Ethical questions and skepticism over the ecological benefits have fueled debate on 48 rehabilitative treatment of wild animals [1,2]. The value of rehabilitation for individual animals 49 is also controversial, with little knowledge of release rates, and some arguing that stressors 50 placed on animals undergoing care at the rehabilitation facilities may be as traumatizing to the 51 animal as the inciting event [3-5]. In contrast, advocates urge that the need for rehabilitation 52 often arises from anthropogenic causes, and humans therefore have a moral obligation to rectify 53 their impact [6]. In addition, rehabilitation provides people with close contact with wildlife, 54 potentially increasing knowledge of wild species and factors contributing to their declines, which 55 can have positive impacts on local biodiversity conservation [6]. 56 Without basic quantifiable information, this debate has been left at a standstill. Here, we 57 report large-scale epidemiologic data to provide a foundation for understanding the scope and 58 potential impacts of wildlife rehabilitation. 59 Wildlife rehabilitation is the practice of caring for sick, injured, orphaned, and displaced 60 wild animals with the primary goal of returning them to their natural habitat. Wildlife 61 rehabilitators, typically dedicated private citizens or small non-profit centers, may invest 62 significant time and personal resources in this activity: the National Wildlife Rehabilitators 63 Association (NWRA) reports that a rehabilitator volunteers an average of 32-36 hours per week 64 through the spring and summer of each calendar year [7]. The roles of a rehabilitator are multi-65 disciplinary-from public outreach, education, and advocacy to husbandry, nursing, and 66 collaboration with veterinary professionals. The rehabilitator plays a primary role in the ultimate 67 disposition of the animal in question, from selecting an appropriate release location to consulting 68 on the euthanasia of individuals that cannot be rehabilitated. HANSON ET AL. WILDLIFE REHABILITATION IN NEW YORK STATE 4 69 Of equal importance is the responsibility rehabilitators hold to collect and report 70 information about the animals they care for-thus contributing to the understanding of local and 71 national populations, as well as the overall health and well-being of the habitat shared between 72 wildlife and people [8]. In particular, global declines in wildlife numbers raise important 73 questions regarding specific causes of these trends. Recent studies estimate that one third of 74 terrestrial wildlife admissions to rehabilitation facilities and 70% of loggerhead sea turtle 75 [Caretta caretta] stranding events that required rehabilitative intervention were attributed to 76 anthropogenic activity [1,9]. 77 Part of the challenge with resolving conflicts, answering questions about impacts, or even 78 improving basic treatment strategies is that there are only limited data on wildlife rehabilitation 79 to support informed decisions. Studies are limited due to the dispersed structure of the 80 rehabilitation community and the lack of standardized digital records. 81 In 1980, the New York State Department of Environmental Conservation (DEC) began 82 issuing wildlife rehabilitation licenses to qualified private citizens, and since 1985 the agency has 83 required them to submit annual reports on paper forms. Therefore, data regarding rehabilitation 84 case numbers, species affected, causes of presentation, and treatment outcomes/disposition was 85 collected, but not easily accessible. Following digitization, we report large-scale epidemiological 86 evaluation of 59,370 individual animal records submitted from wildlife rehabilitators across New 87 York State (NYS) over three years: 2012-2014. Previous analyses were available from 1989, so 88 further comparison is possible to detect changes in the system over time. 89 This large-scale analysis of wildlife rehabilitation case data may assist rehabilitators in 90 allocating limited treatment resources and improving care. State wildlife agencies tasked with 91 oversight can benefit by improving their understanding of the scope, needs, and impact of HANSON ET AL. WILDLIFE REHABILITATION IN NEW YORK STATE 5 92 rehabilitation. Closer examination of several species of interest also suggests the potential for 93 population impacts, further informing the debate regarding the scope and utility of wildlife 94 rehabilitation. 95 96 Materials and methods 97 Licensed wildlife rehabilitators in New York are required to record case information on a 98 weekly basis using a paper Wildlife Rehabilitator Log (WRL) form provided by the DEC. 99 Annual summaries and all WRL forms are submitted to the agency by December 1 of each 100 calendar year. Data on these handwritten logs from the three reporting years ending December 1, 101 2012, 2013, and 2014 were manually transcribed into digital spreadsheets, and records from all 102 years were then combined into a single Microsoft Office Access® database (Microsoft 103 Corporation, Redmond, Washington, USA, 90852). All database records were reviewed for 104 accuracy and formatting consistency. Simple data entry errors by the wildlife rehabilitators (such 105 as minor incorrect spelling of species or place names) were corrected. Species names were 106 standardized using currently accepted taxonomic lists [10,11]. Terms used for causes of 107 presentation/distress and dispositions were taken from the DEC classifications on the forms. 108 Incomplete and inaccurate records, as well as records for domestic and captive animals, were 109 excluded from the analysis. 110 Species reported were aggregated into four primary groupings and 17 secondary 111 groupings commonly used by rehabilitators as follows: birds (Columbiformes, raptors, 112 passerines, waterfowl, and other), mammals (large mammals, small herbivores, and small 113 carnivores), reptiles (turtles, snakes, lizards), rabies vector species (bats, raccoons [Procyon 114 lator], and striped skunk [Mephitus mephitis]), amphibians (frogs and salamanders) and HANSON ET AL. WILDLIFE REHABILITATION IN NEW YORK STATE 6 115 unknown. The number of reptiles other than turtles were too few for meaningful analysis, so this 116 category was reduced to turtles alone. A list of species included in the analysis for each grouping 117 is provided in Tables 2-10. 118 On the WRL form, the causes of distress included 15 primary categories and 42 119 subcategories. For analytical purposes, the 15 primary categories were aggregated into six 120 groupings: 1) orphaned (orphaned, orphaned due to uneccessary human intervention, 121 developmental abnormality); 2) trauma (accidental entrapment, collision, entanglement, injured 122 by other animal or human, mechanical injury due to gun/arrow mower or trap); 3) infectious 123 (bacterial infection, parasitism, viral disease); 4) poisoning/toxin (poison or toxin ingestion, 124 soaked or similar damage); 5) habitat loss (human disturbance, i.e. tree-cutting, building 125 construction, and natural disturbance, i.e. flood, fire, etc); and 6) unknown. Because of the great 126 interest in understanding the impact of domestic cats on declining wildlife numbers [12], trauma 127 from cat attacks have been disaggregated and presented where appropriate. A small subset of
7 138 record was included in the analysis in order to avoid duplication. The disposition categories were 139 combined into the following groups for analysis: 1) died (died under/prior to care, euthanized); 140 2) released; 3) non-releasable (placed under permanent care of licensed individual or educational 141 institution); and 4) unknown (still under care or unknown). 142 We divided release rates by species and causes of distress. Cases and release rates were 152 However, to analyze differences in rehabilitation category counts between different time periods, 153 we conducted a chi-square goodness-of-fit test to ascertain whether category counts in the recent 154 past (2012-2014) were statistically different from category counts collected in 1989 [13] . We 155 performed the statistical analyses using Prism 7 (GraphPad, San Diego, California, USA, 92108 285 admissions for the species) were presented to wildlife rehabilitators for trauma associated with a 286 domestic dog or cat attacks. Trauma was much less common in grey squirrels (n =1,367/7,459, 287 18.3%), whereas orphaning was the leading cause of distress (n = 4,452/7,459, 59.7%).
288 Orphaning was also frequent for eastern cottontails, as the second most common reason for 289 admittance (n = 3,452/8,823, 39.1%). The release rate for orphaned squirrels was higher (n = 290 3,340/4,452, 75.0%) than that for eastern cottontails (n = 2,011/3,452, 58.3%) ( Table 7) . 291 
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Non-chelonian species were infrequently reported. Turtles presented most often for 326 trauma, for which they had a release rate of 46.0%. Trauma due to collision with a car alone was 327 responsible for 746 admissions, accounting for 32.7% of all admitted turtles. Rehabilitators also 328 reported turtles as "orphans" 22.4% of the time, which had the lowest release rate for this distress 329 category amongst the nine groups (n = 246/512, 48.0%) (Table 10) .
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